Users o f time and p o l a r motion i n f o r m a t i o n have requirements f o r data which are somewhat d i f f e r e n t from those u s u a l l y considered f o r astronomical data f i l e s . Because o f these requirements.
INTRODUCTION
The U. S. Naval Observatory provides, as p a r t o f i t s mission, d a t a necessary f o r accurate n a v i a a t i o n on Earth and i n space. I n t h i s cont e x t , time, both atomic and astronomical, and p o l a r motion information are e s s e n t i a l . Astronomical t i m e (UT1) and p o l a r motion may be c o n s idered as anqles which are r e q u i r e d t o s p e c i f y completely t h e o r i e n t a t i o n o f t h e Earth i n a q u a s i -i n e r t i a l r e f e r e n c e system (Kovalevsky and Mueller, 1981) 
. Astronomical t i m e i s a measure o f t h e r o t a t i o n anqle of t h e Earth w h i l e p o l a r motion r e f e r s t o the chanqinq p o s i t i o n of t h e r ot a t i o n a l p o l e w i t h r e s p e c t t o t h e Conventional
I n t e r n a t i o n a l O r i g i n (CIO) as d e f i n e d by adopted s t a t i o n coordinates and models. Atomic t i m e d e f i n e d by t h e frequency o f an enerq,y l e v e l t r a n s i t i o n i n t h e cesium atom serves as a b a s i s f o r c i v i l time and provides a u n i f o r m time s c a l e f o r p r a c t i c a l a p p l i c a t i o n s .
Earth o r i e n t a t i o n i n f o r m a t i o n and intercomparison o f time scales may be obtained o n l y through observations. I n t h e case o f Earth o r i e n t a t i o n , observations are made t o d e r i v e t h e necessary angles. Time and frequenc y measurements are made t o determine accurate time s c a l e data. The i nf o r m a t i o n d e r i v e d from these observations and measurements must be provided t o users i n a manner s u i t a b l e t o meet t h e i r needs.
DATA CONSIDERATIONS
The usefulness o f data a v a i l a b l e t o t h e user may be characterized by a number o f parameters. Amonq these are p r e c i s i o n . accuracy. consistency, r e s o l u t i o n . and a v a i l a b i l i t y . By p r e c i s i o n we r e f e r t o t h e formal mean e r r o r o f the d e t e r m i n a t i o n as derived from t h e observations made d u r i n q one observing session. E x t e r n a l p r e c i s i o n measures the vari a t i o n s from session t o session, and i s n u m e r i c a l l y estimated usinq t h e r e s i d u a l s from a smooth curve or t h e A l l a n Variance. P r e c i s i o n i s measured w i t h respect t o an i n t e r n a l r e f e r e n c e system. Accuracy. however. incorporates t h e concept o f a "standard" r e f e r e n c e system. and i s used t o c h a r a c t e r i z e t h e agreement o f t h e d e r i v e d data w i t h a standard d a t a set. Numerically t h i s may be estimated usinq t h e rms o f the r e s iduals w i t h respect t o a standard d a t a set.
I n general. systematic e r r o r s ma,y e x i s t i n t h e derived data, and i f these can be a c c u r a t e l y estimated i t i s p o s s i b l e t o r e f e r t h e d a t a t o t h e standard r e f e r e n c e system. Consistency r e f e r s t o t h e s t a b i 1 i t y o f t h e systematic e r r o r s i n time. A h i q h l y c o n s i s t e n t system i s one i n which t h e s,ystematic e r r o r s do n o t change over extended periods o f time. R e s o l u t i o n i n t h i s c o n t e x t r e f e r s t o how o f t e n independent estimates o f t h e d e r i v e d data are a v a i l a b l e . High r e s o l u t i o n imp1 i e s a r a t h e r short observing session i n order t o o b t a i n u s e f u l data. A v a i l a b i 1 i t y r e f e r s . t o t h e t i m e i n t e r v a l between t h e end o f t h e observino session and -the t i m e when t h e d e r i v e d data are a v a i l a b l e . Those making use o f the der i v e d d a t a must evaluate t h e i r needs i n terms o f these q u a n t i t i e s t o determine t h e usefulness o f various p o s s i b l e s e t s f o r t h e i r p a r t i c u l a r a p p l i c a t i o n s . For example, h i q h accurac.y may have t o be compromised i n f a v o r o f h i g h r e s o l u t i o n o r immediate a v a i l a b i 1 i t y .
USER REOl J IREMENTS
I d e a l l y , i t would be d e s i r a b l e t o have h i q h accuracy data w i t h the h i q h e s t r e s o l u t i o n a v a i l a b l e almost immediately a f t e r observinq. Reali s t i c a l l y . compromises must be made. Thus i t seems a p p r o p r i a t e t h a t r equirements f o r t i m e and p o l a r motion i n f o r m a t i o n may be c l a s s i f i e d i n t o t h r e e cateqories. " H i s t o r i c a l " d a t a o f t h e h i q h e s t u o s s i b l e accuracy and c o n s i s t e n c .~ are needed by those enqased i n s c i e n t i f i c research and f o r qeodetic purposes. While i t may be d e s i r a b l e t o have t h e data as soon as possible, users o f h i s t o r i c a l data may n o t be concerned w i t h immediate a v a i l a b i l it y i f i t i s o n l y p o s s i b l e a t t h e expense o f reduced accuracy or c o n s i s tency.
"Current" d a t a are r e q u i r e d by users needinq h i g h p r e c i s i o n and a1-most immediate a v a i l a b i 1 i t y . They are wi 11 i n g t o s a c r i f i c e t h e c o n s i s tency and accuracy o f t h e data t o some e x t e n t i n order t o meet t h e i r need f o r t h e mos,t c u r r e n t i n f o r m a t i o n a v a i l a b l e . Those i n v o l v e d w i t h navigat i o n f r e q u e n t l y f i t i n t o t h i s area. These t h r e e types o f user requirements, i n turn, demand a v e r s a t i l e system f o r data r e t r i e v a l . For t h e user o f h i s t o r i c a l data, r e p o r t s issued annually may be s u f f i c i e n t . C l e a r l y t h i s would n o t be useful t o those who need p r e d i c t i o n s o f time and p o l a r motion updated on an i m ed i a t e basis.
AVAILABLE DATA
Time and p o l a r motion i n f o r m a t i o n are c u r r e n t l y a v a i l a b l e from a number o f sources i n c l u d i n q i n t e r n a t i o n a l s e r v i c e s . The I n t e r n a t i o n a l L a t
i t u d e S e r v i c e ( ILS) organized i n 1899 has provided p o l a r coordinates since t h a t time. These have been obtained u s i n g t h e observations o f f i v e v i s u a l z e n i t h t e l e s c o~e s located on t h e p a r a l l e l o f 3g0 N. While these l o c a t i o n s have served as t h e d e f i n i t i o n o f t h e CIO, t h e accuracy o f t h e data d e r i v e d from these observations has been superseded b y t h e use o f more modern techniques and methods. ILS d a t a are a v a i l a b l e gen-
e r a l l y a f t e r a processing d e l a y o f a few months.
Since 1962, t h e I n t e r n a t i o n a l Polar Motion Service ( IPMS) has p r ovided p o l a r coordinates d e r i v e d from observations made w i t h approximatel y s i x t y c l a s s i c a l astronomical instruments l o c a t e d around t h e world. These data are a v a i l a b l e some months a f t e r t h e a c t u a l observations. The Bureau I n t e r n a t i o n a l de 1'Heure (BIH) provides t i m e i n f o r m a t i o n as w e l l as p o l a r coordinates. Both astronomical and atomic time are coordinated through t h i s i n t e r n a t i o n a l s e r v i c e . The p o l a r coordinates are determined makinq use o f i n f o r m a t i o n from t h e Doppler t r a c k i n g of a r t i f i c i a l s a t e l l i t e s as w e l l as t h e r e s u l t s from a l a r g e number of c l a s s i c a l astronomical instruments. The d a t a are g e n e r a l l y a v a i l a b l e one t o two months a f t e r t h e observations. The BIH a l s o maintains a Rapid Service which provides Earth o r i e n ta t i o n i n f o r m a t i o n based on t h e observations o f a subset o f t h e previousl y mentioned c l a s s i c a l instruments. The data are a v a i l a b l e from one t o ten days f o l l o w i n g observations a t an accurac,y somewhat lower than t h a t associated w i t h t h e r e g u l a r BIH data.
I n a d d i t i o n t o these d a t a sets, a number o f independent data s e t s are a v a i l a b l e c o n t a i n i n g d a t a from v a r i o u s o b s e r v a t o r i e s . For example,
available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0252921100082658 t h e U. S. Naval Observatory has a continuous r e c o r d of t h e o f v a r i a t i o n o f astronomical l a t i t u d e a t Washinqton s i n c e 191.5 and UT1-UTC since 1955. .These data are based on observations made w i t h a ~h o t o q r a p h i c zen i t h tube. S i m i l a r information i s a v a i l a b l e from o t h e r observatories, i n c l u d i n g t h e Royal Greenwich Observatory, Paris, Hamburq, Ottawa, and Tokyo. Polar coordinates d e r i v e d from t h e t r a c k i n g o f Doppler naviqat i o n a l s a t e l l i t e s are a l s o a v a i l a b l e from t h e U. S. Defense Mapping Agency s t a r t i n g i n t h e l a t e 1960's. Recently, modern techniques such as l a s e r r a n g i n g t o a r t i f i c i a l Earth s a t e l l i t e s and t o t h e Moon, and r a d i o i n t e r f e r o m e t r y , have provided a d d i t i o n a l sets based on completely d i ff e r e n t o b s e r v a t i o n a l methods. Possible systematic e r r o r s involved i n each o f these methods remain t o be i n v e s t i g a t e d , b u t these observations show a new promise f o r increased accuracy and consistency. For p r e d i c t i o n s o f f u t u r e Earth o r i e n t a t i o n parameters, t h e U. S. Naval Observatory also provides r o u t i n e weekly updated p r e d i c t i o n s o f astronomical data. They are a v a i l a b l e through weekly pub1 i c a t i o n s and by means o f a d i g i t a l comnunications l i n k . T h i s l a t t e r s e r v i c e (see Time Service Announcement S e r i e s 14, No. 27. 1980 ) provides the l a t e s t i n f o r m a t i o n a v a i l a b l e i n t h e area o f p r e c i s e t i m e and time i n t e r v a l as w e l l as t h e p r e d i c t i o n s o f Earth o r i e n t a t i o n .
SUMMARY OF U. S. NAVAL OBSERVATORY TIME SERVICE DATA
Appendix A 1 i s t s t h e Time S e r v i c e Pub1 i c a t i o n s c u r r e n t l y a v a i l a b l e on a weekly. monthly or annual basis. As mentioned above. a d i q i t a l communications l i n k i s a l s o a v a i l a b l e f o r immediate automatic r e t r i e v a l of data. Among some o f t h e data f i l e s a v a i l a b l e throuqh t h i s s e r v i c e are t h e notes o f t h e most r e c e n t Series 4 p u b l i c a t i o n (see A~p e n d i x A). up t o t h e l a s t t e n Series 5 messaqes, p r e d i c t i o n s o f p o l a r coordinates and UTI, and p r e l i m i n a r y values o f the d i f f e r e n c e between t h e Master Clock and I!TC((lSNO). Also included i n t h e apnroximatel y f o r t y f i l e s a v a i l a b l e are qeneral messages o f i n t e r e s t t o t h e user as w e l l as i nf o r m a t i o n on t h e s t a t u s o f OMEGA, Loran-C, and GPS. The most recent m o n i t o r i n g i nformation from GPS, OMEGA, Loran-C, TRANSIT, and t e l e v i s i o n t i m i n q i s a l s o a v a i l a b l e . A t i m e s i g n a l i s provided which can be used t o s e t a computer on time i f t h e communications l i n k i s c a l l e d by t h e u s e r ' s c o m~u t e r and an a p p r o p r i a t e proqram t o s e t t h e system c l o c k i s a v a i l a b l e . The p r e c i s i o n i s c u r r e n t l y l i m i t e d t o f 10 m i l l i -s e c o n d s . The data o f a l l these f i l e s and time s i g n a l are a v a i l a b l e immediately t o t h e user w i t h a s u i t a b l e computer t e r m i n a l . Thus t h e d i g i t a l comunicat i o n s l i n k i s designed t o meet t h e needs o f those users f o r immediate i n f o r m a t i o n . Appendix B c o n t a i n s a p a r t i a l e x p l a n a t i o n o f t h e use o f t h e communications l i n k . 
FUTURE PLANS OF THE U. S. NAVAL OBSERVATORY
To meet user requirements t h e U. S. Naval Observatory is, c u r r e n t l y 
implementing a system o f astronomical t i m e and p o l a r motion data based on t h e use o f c l a s s i c a l observations as w e l l as the r e s u l t s a v a i l a b l e from t h e modern techniques (McCarthy. 1981). The l a t t e r methods i n c l u d e l a s e r ranging t o t h e Moon and t o a r t i f i c i a l s a t e l l i t e s and t h e connected element i n t e r f e r o m e t e r a t Green Bank. P r e d i c t i o n s o f f u t u r e E a r t h r o t at i o n parameters w i l l be based on t h i s s e t o f data. It i s expected t h a t a l l data types ( h i s t o r i c a l , current
, and f u t u r e ) w i l l be a v a i l a b l e t o t h e user immediately i n machine-readable form through t h e d i g i t a l communications l i n k . The user w i l l need t o s p e c i f y o n l y t h e d a t e ( s ) f o r which t h e i n f o r m a t i o n i s r e q u i r e d and t h e data w i l l be r e t r i e v e d alonq w i t h t h e corresoondinq estimates of p r e c i s i o n . Table o f Codes type i n BTCO (and c a r r i a q e r e t u r n ) .
Already e x i s t i n g f i l e s d e a l i n q w i t h p r e c i s e time and time i n t e r v a l i n f o r m a t i o n w i l l be expanded as needed t o s u i t user requirements. For example, i t i s expected t h a t t h e c u r r e n t l i m i t a t i o n i n p r e c i s i o n o f t h e time s i g n a l provided b y t h e d i g i t a l communications l i n k w i l l soon be improved t o meet user needs.

CONCLUSION As f u t u r e requirements f o r t i m e and p o l a r motion i n f o r m a t i o n become more s t r i n g e n t both i n terms o f accuracy and a v a i l a b i l i t y i t w i l l become more important t o assure t h a t data f i l e s can be r e t r i e v e d immediately by users. The U. S. Naval Observatory i s already p r o v i d i n g such a system f o r users o f p r e c i s e t i m e and t i m e i n t e r v a l i n f o r m a t i o n as w e l l as those r e q u i r i n g p r e d i c t i o n s o f Earth o r i e n t a t i o n . It i s planned t h a t t h i s
Use f u l l duplex, 300 o r 1200 BALID, even p a r i t y , ASCII seven l e v e l , 10 b i t s per character w i t h start, p a r i t y and s t o p b i t . Please note t h a t no spaces are a1 lowed w i t h i n t h e Command Code and t h a t o n l y upper case characters w i l l be accepted f o r t h a t purpose. Your messages, however. may c o n t a i n any ASCII c h a r a c t e r except, o f course, Control D (EOT), l i n e feed and c a r r i a g e r e t u r n which are reserved f o r t h e i r r e s p e c t i v e purposes.
You may leave a message f o r NAVOBSY whenever you get t h e USNO i n f o prompt *. Terminate your c a l l w i t h CNTL D (EOT). This i s important t o make t h e program immediately a v a i l a b l e again. For i n t e r r u p t i n q a long f i l e being read t o you, send "BREAK" (CWTRL 2 on some T I Terminals). The requested i d e n t i f i c a t i o n can be o f any l e n q t h since we have a logf i l e on which e v e r y t h i n g incoming i s k e p t .
You w i l l o b t a i n best r e s u l t s i f you do n o t c a l l d u r i n q peak t r a f f i c , i.e., n o t between 9-12 a.m. and 1:30-5 p.m. EST, u a r t i c u l a r l y on AIJTO-VON. I f you should get poor r e s u l t s ("garbase") t r . y t o terminate and c a l l aqain. L i n e q u a l i t y can chanqe q r e a t l y from one c a l l t o t h e n e x t and tends t o d e t e r i o r a t e d u r i n q peak t r a f f i c time. Also make sure t h a t your handset i s seated f i r m l y i n t h e t e r m i n a l rubber receptacles and t h a t your microphone i s workinq p r o p e r l y . D i f f i c u l t i e s i n access may be cured w i t h s l i g h t t r a n s m i t l e v e l adjustment on your t e r m i n a l . Some o f our c a l l e r s have a l s o n o t i c e d t h a t t r o u b l e ma.y e x i s t on a p a r t i c u l a r ext e n s i o n and i n t h i s case i t i s your l o c a l l i n e which has t o be checked. The Phone Company a l s o o f f e r s a "WEAK VOICE" a m p l i f i e r f o r less than one d o l l a r per month which wi 11 boost your modem l e v e l t o compensate f o r a l o s s y l i n e t o your c e n t r a l o f f i c e . Lines w i t h too many extensions a r e more l i k e l y t o be troublesome. Simply t r y a d i f f e r e n t telephone. Since 300BD i s d i f f e r e n t i n respect t o marginal c o n d i t i o n s compared t o 1200BD one should t r y both speeds i f d i f f i c u l t i e s p e r s i s t . I f you use a computer t o t a l k t o us then please remember t h a t our i d e n t i f i c a t i o n w i l l come on a u t o m a t i c a l l y . However, t h e r e i s a g r e a t e r delay on 1200BD bef o r e we s t a r t t r a n s m i t t i n g compared t o 300BD. It i s t h e r e f o r e n o t necessary t o send i n t e r r u p t s . Unless sent as breaks f o r i n t e r r u p t i n q r e a d i n q o f a long f i l e , these i n t e r r u p t s w i l l n o t speed up your access s i n c e t h e i n t e r f a c e i s i n s e n s i t i v e t o i n t e r r u p t s a f t e r your c a l l has been answered.
Our normal o p e r a t i o n uses ECHO. i.e., your t e r m i n a l i n f u l l duplex w r i t e s what it gets back from us. For c e r t a i n computer t r a f f i c , however, i t may be a d v i s a b l e t o t u r n o f f t h e ECHO. While we have t h r e e dummy (NLILL) characters a t 300BD t o a l l o w slow p r i n t e r s t o f o l l o w , we do n o t have them a t 12008D. However, t h i s can be changed by operator command. This command changes t h e o p e r a t i o n i n t o i t s opposite ( b u t n o t back).
